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摘要
本文受国家自然科学基金课题“高空长航时定点飞艇基于特征模型的鲁棒
自适应控制”（61273199）和福建省自然科学基金课题“数据驱动的高空飞艇
飞行切换控制”（2016J01317）资助。
本文研究了平流层飞艇水平定点稳定和交通流瓶颈路段车流量控制。前者
是实现平流层飞艇长期驻空工作的一项关键技术，而后者有助于建立更加先进
的智能交通系统，解决城市交通拥堵问题，改善和提高居民生活水平。
本文主要研究这两类切换系统的稳定性。针对平流层定点稳定问题，研究
了一类对象连续，控制规则不唯一的切换系统。通过建立平流层飞艇在风场中
水平方向上的一维动态模型，设计出一个由PD和PID组成的具有双滞回切换特
性的控制策略，能够确保平流层飞艇在系统模型参数不确定以及风速测量不精
确的情况下亦可运动到指定位置并保持稳定，数值仿真结果验证了所设计控制
策略的鲁棒性。针对交通瓶颈路段的车流量控制问题，研究了一类对象不连
续，控制规则唯一的切换系统。建立了某段道路中车流量的简化数学模型，采
用PI控制器组成反馈控制回路，当参数选取合适时确保系统最终稳定在原点而
非另一平衡点处，给出了原点稳定的充分必要条件，保证道路通行力始终维持
最大值，确保道路通畅，避免交通堵塞。同时，给出了系统存在极限环的充分
必要条件，并讨论了双平衡点的情况。最后数值仿真验证了结果的正确性。
关键词：平流层飞艇； 交通瓶颈； 切换系统； PID控制器； 稳定性
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Abstract
This work is based on the background of the National Natural Science Foun-
dation ”High altitude airship robust adaptive control based on characteristic mod-
el”(61273199) and Natural Science Foundation of Fujian Province ”The flight switch
control of high altitude airship based on data driven ” (2016J01317).
Two Problems including switching control – stratospheric airship station-keeping
and the vehicle flow of traffic bottleneck regions are studied. The stratospheric airship
station-keeping is one of the key technologies to solve the problem of stratospheric
airship in the air, its important value in many fields has aroused the high attention of
the western developed countries such as Europe, Japan and the United States. And the
traffic problem is one of the important problems that restrict the development of the city,
so researching on traffic flow problem is helpful to build a more advanced intelligent
transportation system so as to ease the traffic jam in city and improve residents standard
of living.
The stability of these two systems is mainly discussed. As for the problem of air-
ship station-keeping, a kind of switch system of ”the object is continuous but the control
rules are not unique ” is studied. And a simplified one-dimensional dynamic model of
the airship in the horizontal direction is established and and the station-keeping prob-
lem is formulated as a robust feedback control problem. To solve this problem, we
design a switching strategy with double hysteresis characteristic consisted of PD and
PID controller, which can ensure the airship move to specified location and keep stable
under the circumstance system model or wind speed is uncertainty. Theoretical anal-
ysis and numerical simulations show the robustness of the control strategy. As for the
problem of vehicle flow of traffic, another kind of switch system of ”the object is not
continuous but the control rule is unique ” is studied. a simplified mathematical model
in certain region of road is established. And a feed-back closed-loop switched system
constituted by two subsystems is attained by applying a PI controller. If the parameters
of the PI controller is well tuned, the maximal capacity in traffic bottleneck zone can
be assured, which can ensure the traffic flowing smoothly and avoid traffic jams. The
two cases that the limit cycle and double equilibrium points when the parameters are
not appropriately selected are also discussed, especially the necessary and sufficien-
t conditions of the generation of limit cycles are given there. Finally, The numerical
simulation results prove the correctness of the control strategy.
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